INTRODUCTION
Lubricin, also referred to superficial zone protein, plays an important role for boundary lubrication of articular cartilage. Lubricin is mainly produced by chondrocytes in superficial zone. Cartilage is an avascular tissue. The oxygen supply to the chondrocytes is, therefore, limited from synovial fluid. Previous studies have demonstrated that hypoxia could be a potent anabolic factor on chondrocytes. However, the relationship between the expression of lubricin and oxygen tension is still unknown.
In the current study, we evaluated lubricin expression in the bovine chondrocytes under various oxygen tensions. We employed knock-down of Hypoxia-Inducible transcription Factor (HIF)-1α to evaluate the role of HIF-1 in the molecular pathways which control lubricin expression.
MATERIALS AND METHODS

Primary bovine chondrocytes and explant culture
Chondrocytes were obtained from bovine femoral condyle cartilage by digestion with Collagenase-P (roche). Superficial zone chondrocytes were harvested from thin superficial layer peeled by scalpel. Middle and deep zone chondrocytes were from cartilage layers deeper than superficial layer. Micromass culture was conducted as previously reported with a 10µl drop containing 1x10 5 cells in 12-well plates. Cells were cultured under hypoxia (1% and 5%O2) or normoxia (21%O2) for 96 hours. Middle and deep zone chondrocytes were cultured with the medium supplemented with recombinant human (rh) TGF-β1 (R&D) at 10 ng/ml to induce the expression of lubricin.
Osteochondral plugs obtained from bovine femoral condyles were cultured in the culture medium under hypoxia (1%, 5% O2) or normoxia (21% O2) for 96 hours.
Quantitative RT-PCR
Quantitative RT-PCR assay was carried out using Power SYBER Green PCR Master Mix on the ABI StepOne plus (Applied Biosystems) to assess the mRNA expression of lubricin, Col-2a1, aggrecan, and VEGF.
Immunofluorescent staining
Cryostat-sections of culture explants were blocked by 10% goat serum and incubated with anti-lubricin rabbit antibody (SantaCruz 1:100) at 4°C overnight followed by incubation with Alexa Fluor 555-conjugated goat anti-rabbit secondary antibody (Invitrogen 1:500) for 2 hours. Each fluorescent picture was captured under the same exposure time.
HIF-1α knockdown
A murine chondroprogenitor cell line, ATDC5 was used for siRNA experiment. siRNAs for HIF-1α (siHIF-1α) were purchased from Invitrogen. The most effective siHIF-1a was selected from three candidates in our preliminary experiments. siHIF-1a was transferred into ATDC5 cells by electroporation using CUY-21 in vitro (BEX) and 4mm gap cuvette. After electroporation, cells were recovered in culture medium overnight. The micromass cultures with gene transferred cells were maintained in the medium with insulin for 72 hours. These cells were then treated with rhTGF-β1 at 10 ng/ml. During 96-hour exposure to TGF-β1, these cells were cultured under hypoxia (1%, 5% O2) or normoxia (21% O2). Lubricin mRNA expression was analyzed by quantitative RT-PCR.
RESULTS
Lubricin expression is suppressed by hypoxia.
The lubricin mRNA expression in superficial zone chondrocytes showed significant decrease under hypoxia (both 1% and 5% O2). Col2a1 and aggrecan mRNA expression showed increase in hypoxia. VEGF expression exhibited increase in hypoxia. rhTGF-β1 treatment of middle and deep zone chondrocytes failed to show the stimulation of lubricin expression in hypoxic condition (Fig. 1) .
Immuno-histochemical analyses of cultured cartilage explants demonstrated the dominat localization of lubricin protein in the uppermost surface layer. The extent of lubricin protein expression on the chondrocytes showed marked decrease in hypoxia (1%, 5% O2: Fig.  2) . Fig. 1 Quantitative RT-PCR assays. *: P < 0.01, **: P < 0.001.
Fig. 2 Immunostaining for lubricin (top)
and hematoxilin-eosin staining (bottom) of cartilage explants cultured under hypoxia (1%, 5% O2), or normoxia (21% O2)
HIF-1α knockdown abolished the suppression of lubricin expression by hypoxia.
The rhTGF-β1 treatment induced lubricin mRNA expression in micromass culture of ATDC5 cells, while lubricin mRNA expression was very low without rhTGF-β1 (Fig. 3A) . The lubricin mRNA expression in rhTGF-β1 treated ATDC5 cells also showed significant decrease by hypoxia. The lubricin mRNA expression in HIF-1α knockdown cells was not affected by oxygen tension (Fig. 3B) . 
DISCUSSION
Our data clearly demonstrated that lubricin expression both in primary cultured chondrocytes and cartilage explants was significantly suppressed under hypoxia. This response was seen not only in superficial zone chondrocytes but also in middle and deep zone chondrocytes and ATDC5 cells treated by rhTGF-β1. Superficial zone chondrocytes which produce lubricin could be supplied more oxygen than middle or deep zone chondrocytes, and this distribution of oxygen supply in the cartilage may affect the localization of lubricin expression in the articular cartilage.
HIF-1α knockdown cells exhibited insensitivity to the oxygen tension. This may suggest that HIF-1α pathway is playing an important role in the regulation of lubricin expression.
SIGNIFICANCE
Our findings indicated that higher oxygen tension in the joint stimulates lubricin expression which contributes joint lubrication. A method which increases oxygen tension in the joint may be a novel therapy for joint diseases, such as osteoarthritis or rheumatoid arthritis.
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